Integrin is important in migration and metastasis of tumour cells. Changes of integrin expression and distribution will cause an alteration of cellular adhesion and migration behaviours. In this study, we investigated sulfatide regulation of the integrin αV subunit expression in hepatoma cells and observed that either exogenous or endogenous sulfatide, 
INTRODUCTION
Integrins have been implicated as very important adhesion molecules that are involved in multiple physiological processes, such as cell adhesion, proliferation, and survival (1) (2) (3) . Each integrin generally consists of a noncovalently linked α-and β-subunit, with each subunit having a large extracellular domain, a single membrane-spanning domain, and a short, non-catalytic cytoplasmic tail. Integrins seem to be the major receptors by which cells attach to components of the ECM (extracellular matrix), such as vitronectin, etc. (4) and involve in the metastasis signalling of hepatocellular carcinoma (HCC) (5) .
The integrin αV subunit associates with one of five integrin β subunits, β1, β3, β5, β6 or β8, to form five distinct αVβ heterodimers (6) . The integrin αVβ heterodimers on the cell surface interact with cell adhesive proteins, such as collagen, fibrinogen, fibronectin, and vitronectin. These interactions play an important role in cell adhesion or migration, especially in tumour metastasis.
Integrins increase in invasive tumours and distant metastases, characterize the metastatic phenotype and play a key role in tumour metastasis (7, 8) . Many studies have documented marked differences in the surface expression and distribution of integrins between malignant tumours and pre-neoplastic tissues. For example, the integrin αVβ3 complex is strongly expressed in the invasive front cells of malignant melanoma and angiogenic blood vessels, but is weakly expressed on pre-neoplastic melanomas and quiescent blood vessels (9). Also, it has been demonstrated that αVβ3 integrin is specifically required to sustain neovascularization induced in vivo by fibroblast growth factor-2(10).
Integrin αVβ3 physically associates with phosphorylated and activated insulin-like growth factor receptor, and may be involved in the HCC cell migration and progression(11). Furthermore, inducing the expression of the integrin αV (7) or β3 (12) subunit in melanoma cells increases their metastatic potential. A change of the expression and distribution of integrins on the cell surface can modulate the strength of cell adhesion and migration. The regulation of cell adhesion and migration involves coordinated events of tumour metastasis.
Many primary and metastatic cancer cells display altered integrin expression levels and/or activation status, leading to abnormal cell adhesion, growth, and survival, which are pathological hallmarks of cancer. Although the influence of integrin αV and β3 on metastasis has been documented in several studies (13, 14) , there is little information about cerebroside sulfation signalling, and the Chp5) and their corresponding Mock cells were established by our laboratory previously (18) . CST over-expressed HCC cells mainly produced lactosyl sulfatide. The cells were maintained in RPMI 1640 medium supplemented with 10% newborn bovine serum (PAA, Austria) at 37 o C under a 5% CO 2 atmosphere. For the treatment, cells were cultured in RPMI 1640 medium containing 2 μM sulfatide, lactocerebroside, or galactocerebroside added from stock solution in DMSO. An equal amount of DMSO(0.1% v/v) was added to control group.
Plasmid Construction
The short hairpin sequences including (1) 5`-AGGAGUUGGUGGCAAUAAU-3` and (2) 5`-UAUUAGGCAUCACUCCAGG-3`, which specifically interfered and targeted Sp1 mRNA, were designed according to the protocol from Ambion (24) . The synthesised 55 bp forward and reverse oligonucleotides containing the siRNA sequence were annealed and ligated to the pSilencer 4.1 vector. 
RT-PCR and Real-time PCR
Total RNA was extracted from cells with the Trizol reagent according to the manufacturer's instructions and was used as the template for cDNA synthesis. Reverse transcription was then carried out by M-MLV. The following primer sets were used for RT-PCR and Real-time PCR: integrin αV subunit (sense 5`-GACAGTCCTGCCGAGTA-3`, anti-sense 5`-CTGGGTGGTGTTTGC-3`), Sp1
(sense 5`-TCACAAGCCAGTTCCAGCTCC-3`, anti-sense 5`-GGGTGCACCTGGATTCCTGAA-3`),
Sp3v1
(sense 5`-GAAATGGCTGCCTTGGACG-3`, anti-sense 5`-AGCGGTGACGGCTGAGTGT-3` ), Sp3v2 (sense 5`-ACCCCCTCCCCCTGTCTCCCTC-3`, anti-sense 5`-CTCCCATCGGTTTGGTGCTCCT-3`), ETS (sense 5`-TCACAAGCCAGTTCCAGCTCC-3`, anti-sense 5`-GGGTGCACCTGGATTCCTGAA3`), AP2
(sense 5`-GCTGGGCACTGTAGGTC-3`, anti-sense 5`-ACTTGGACAGGGACACG-3`), EGR1
(sense 5`-CAGCAGCCTTCGCTAACC-3`, anti-sense 5`-CATCGCTCCTGGCAAACT-3`), EGR2
(sense 5`-CAGCCTCATCCAGCGTCAC-3`, anti-sense 5`-TCGTCAGAGCGGGAGAACC-3`), β-actin (sense 5`-CTCCATCCTGGCCTCGCTGT-3`, anti-sense 5`-GCTGTCACCTTCACCGTTCC-3`), CST (sense 5`-CAAGTTCGCCTTCCCTAA-3`, anti-sense 5`-CACAGCAGGTCCTTCAG-3`). The PCR amplifications were performed, and the products were analysed by 2% agarose gel electrophoresis. β-actin was used as an internal control. Real-time PCRs were performed using a BIO-RAD IQ5 Real-time PCR System (Bio-Rad). 
Transfection

Cell Adhesion Assay
The adhesion assay was performed as previously reported (16) . Briefly, 96-well plates were coated at 100 μl/well with collagen type I (40 µg/ml), fibrinogen (20 µg/ml), fibronectin (10 µg/ml), and vitronectin (2 μg/ml) at 4 o C overnight. The negative control groups were coated with 1% BSA, and the positive groups were coated with poly-lysine. After blocking with 1% BSA for 1 h at room temperature and washing twice with PBS, 200 µl of the cell suspension (4×10 4 /ml) was added to each well. After incubation at 37 o C for 1 h, all wells were washed twice with PBS, stained with MTT {3-(4,5)-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide}, and the absorbance value was measured at 570 nm with a reference wavelength of 630 nm. The adhesion rate was calculated by the formula (A570 value in test group-A570 in negative group) / (A570 in positive group-A570 in negative group) × 100%.
Cell ELISA
The method was based on our previous report (25). Briefly, CST-1, CST-8 and Mock cells (1×10  4 ) were incubated in a 96-well plate. After 24 h of culture, the cells were washed and fixed with 4% paraformaldehyde in PBS. Endogenous alkaline phosphatase was saturated and consumed with the substrate. The plates were blocked with 1% blocking reagent in PBS overnight at 4 o C, incubated with O4 antibody (anti-Sulfo-Lacto-Cer and Sulfo-Gal-Cer) and mouse IgG as control for 2 h at room temperature, washed three times, and incubated with alkaline phosphatase-conjugated goat anti-mouse immunoglobulins. The absorbance was measured at 450 nm after incubation with the alkaline phosphatase substrate pNPP(p-nitrophenyl phosphate).
Immunofluorescence
The immunofluorescence method was based on the previous report (26). The cells of CST-1 and CST-8 were fixed with 2% paraformaldehydrate and not permeabilized, but exogenous sulfatide-treated cells were permeabilized. After blocking and staining with a mouse anti-sulfatide antibody for 2 h, and subsequently with FITC-conjugated secondary antibody for 1 h, the coverslips containing the cells were mounted on glass slides with Vectashield, and the cells were viewed under a fluorescence microscope.
Cell Adhesion to HUVEC
HUVECs in 150 μl of medium were seeded onto 96-well plates at 1×10 4 cells per well and incubated overnight at 37 o C to confluence. Next, the HUVEC monolayer was stimulated with 10 ng/ml TNF-α for 4 h prior to the addition of the variously treated SMMC-7721 (1×10 5 /ml) cells in 200 μl RPMI 1640 medium with 1% newborn bovine serum. After incubation at 37 o C for 1 h, unattached cells were vigorously washed off with PBS, and the attached cells were fixed with 4% paraformaldehyde for 10 min. Subsequently, adherent cells were counted under a phase contrast microscope. The numbers of adherent cells in all groups were analyzed and compared to show the cell adhesion to HUVEC as described earlier (16) . Data were reported as mean ± SD for at least three wells, and the experiment was repeated three times independently.
Flow Cytometry Analysis
Based on our previous report (25), sub-confluent SMMC-7721 cells were detached with 0.02% 
Western blotting
Western blot analysis was carried out essentially as described previously (17) . Briefly, 30 μg of protein was resolved on 10% SDS-polyacrylamide gels and electrophoretically transferred to a polyvinylidene fluoride membrane. The membrane was then incubated with a series of antibodies against GAPDH, integrin αV, Sp1 and histone 4. After washing, the blots were incubated with horseradish peroxidase-conjugated secondary antibody, and protein bands were visualised using an enhanced chemiluminescence detection kit.
Nuclear extracts
Nuclear extracts were prepared with the nuclear extraction kit (CHEMICON, Cat .No.2900). The concentration of protein was determined by the Lowry method.
Electrophoretic Mobility Shift Assay (EMSA)
EMSA was performed with a modified method according to a previous protocol ( 
Statistic analysis
Mean values ± SD given were obtained from at least 3 culture wells. All experiments presented were repeated at least 3 times and representative experiments are shown. For single comparisons of the average differences between 2 samples, statistical significance was determined by the two-tailed Student's t test.
RESULTS
Exogenous sulfatide stimulates integrin αV subunit expression
SMMC-7721 cells were treated with exogenous sulfatide, Gal-Cer or Lacto-Cer for 12 h, 24 h, and 36 h (Fig. 1A) , and the mRNA level of the integrin αV subunit in the cells was analysed by RT-PCR.
As shown in Fig. 1A , treatment with sulfatide stimulated the mRNA expression of the integrin αV subunit gene in a time-dependent manner, and the up-regulation of the integrin αV subunit was the most obvious at 24-36 h after the treatment (Fig. 1A) . After 48 h the up-regulation effect attenuated (data not shown). The stimulation by sulfatide was also observed in a dose-dependent manner, and a concentration of 2 μM was necessary to stimulate the expression of the integrin αV subunit (Fig. 1B) . Furthermore, the protein expression level of the integrin αV subunit was also promoted by sulfatide, but not by galactocerebroside (Gal-Cer) or lactocerebroside (Lacto-Cer) ( 
Endogenous sulfatide also promotes the expression of integrin αV subunit
To further confirm the regulation of the integrin αV subunit expression by sulfatide, we established stable transfection cell lines with a CST plasmid in SMMC-7721 cells to produce endogenous sulfatide.
We obtained CST-1, CST-8 and the corresponding Mock cells, which over-express CST and sulfatide (18) . A cell ELISA assay ( 
Sulfatide regulation is associated with Erk signalling
Sp1 transcription factor can change its regulation activity by phosphorylation. To further study the reason that sulfatide enhanced Sp1 phosphorylation and integrin αV subunit gene promoter, the gene expression profiles stimulated by sulfatide were investigated. Among the genes regulated, mitogen-activated protein kinase (MAPK) signalling pathway triggered in these cells was noted for its most enrichment (Fig. 8D) . After 24 h of treatment with sulfatide, the Erk1/2 (extracellular signal regulated kinases) pathway activation was found in hepatocellular carcinoma cells (BEL-7404) and the levels of active phosphorylated Erk1/2 increased significantly ( Fig. 8E & 8F) , while Akt phosphorylation was not affected. In addition, the cells treated with Lacto-Cer or Gal-Cer had comparable level of the phosphorylated Erk1/2 as compared to the control. Apart from BEL-7404, a similar result could also be seen in SMMC-7721 cells (Fig. 8E) . Further detection showed that Erk1/2 was phosphorylated 2 h after sulfatide treatment, suggesting that sulfatide stimulates Erk1/2 activation.
Since Erk1/2 can be activated by Raf and Src signalling, we further measured the Src activation in the treated cells and observed that phosphorylation of Src (on tyrosine 416) was significantly higher in sulfatide group than that in Lacto-Cer (Fig. 8E & 8F) . C-Raf especially on tyrosine 341 was found highly phosphorylated in the sulfatide group (Fig. 8G, H) . The phosphorylation on the serine 338 of c-Raf was also enhanced (Fig. 8I . Although not as strong as the Erk1/2 phosphorylation, a significant activation of p38 was also observed in the sulfatide group (Fig. 8G, J) . Additionally, JNK phosphorylation was found increase in the sulfatide group as well (Fig. 8G, K) , while RAC was less phosphorylated in the sulfatide group (Fig. G, L) . We thus reasoned that the activation of Raf/MEK/Erk pathway might be responsible to the regulation. To test this, an inhibitor of MEK1 was used in the next experiment. In results, the active phosphorylation of Erk1/2 was inhibited by the pre-treatment with 50
μM PD98059, an inhibitor of MEK1/2, even under sulfatide stimulation. Interestingly, the phosphorylation of Sp1 induced by sulfatide was also suppressed (Fig. 9A ). Another inhibitor with different structure, U0126, also showed a significant inhibition of Erk1/2, Sp1 phosphorylation ( 
DISCUSSION
Integrins are very important in both adhesion and metastasis of tumour cells. Integrin αV expression is required for the acquisition of a cancer metastatic stem or progenitor cell phenotype(31).
Transcriptional silencing of αV and β3 integrin subunits suppresses cancer metastasis(32) . In hepatocellular carcinoma(HCC), the expression of integrins such as α5β1 and αVβ3 is greatly altered, which is directly involved in the angiogenesis and metastasis of HCC(5). Hepatocellular carcinoma expresses integrin αVβ3 which leads to extravasation of HCC cells in the liver through a process of metastasis possibly mediated by vitronectin(33). However, less is known about the regulation mechanism of integrin αVβ3 expression in HCC, especially by sulphated cerebroside (sulfatide).
Sulfatide is the product of CST. In HCC cells of both Hep3B and SMMC-7721, CST could be over expressed by transfection to produce sulfatide in our previous study (15, 18) . The enzyme CST overexpression was found to be involved in metastasis of HCC in nude mice and adhesion to vitronectin (15, 18), which were ascribed to the production of sulfatide. We then postulate that sulfatide leads to the expression of the integrin αV subunit that is involved in the metastasis of HCC.
However the pathway and mechanism about sulfatide regulation of integrin αV subunit expression In this study, we did observe that either exogenous or endogenous sulfatide could increase the expression of the integrin αV subunit, while cerebroside not. Furthermore, this effect was rendered at transcriptional level in the regulation of the integrin αV subunit expression. The transcription expression of integrin αV subunit gene is commonly controlled by transcriptional factors among which Sp1 has the binding sites in integrin αV subunit gene promoter and the phosphorylation on threonine 739 was enhanced after sulfatide stimulation. Sp1 mediates its target genes and can change its activity by phosphorylation on threonine 739(36). Regarding the integrin αV subunit, Sp1 promoted its expression by enhanced binding activity to the promoter since Sp1 protein was phosphorylated and its expression was elevated. Our data confirm that sulfatide stimulated the phosphorylation and expression of Sp1 which subsequently binds to and enhances integrin αV subunit gene promoter. The issue that sulfatide stimulated Sp1 expression will be addressed in another report. More importantly, the molecule sulfatide could send a regulatory signal that stimulates Sp1 phosphorylation and promotes integrin αV subunit expression.
However, the signalling pathway is currently unknown. Through large scale screening via gene expression analysis, effecters associated with MAPK pathway were noted for the most enrichment. Therefore, we investigated the MAPK-associated signal pathway triggered by sulfatide. As compared to a control, Gal-Cer and Lacto-Cer, sulfatide significantly stimulated and enhanced Erk1/2 phosphorylation. Erk1/2 is an important signalling molecule that can further activate Sp1 transcriptional factor via phosphorylation on T739 (37, 38). Pre-treatment with both PD98059 and U0126, inhibitors of MEK1/2, significantly diminished and prevented Erk1/2 and Sp1 phosphorylation that sulfatide stimulated. This demonstrated that Erk1/2 signalling activation is important in Sp1 phosphorylation and integrin αV subunit expression regulation by sulfatide. Activated p38 can also phosphorylate Sp1 on threonine 739(36). Thus activation of p38 contributes to the phosphorylation and activation of Sp1 as well, although the phosphorylation of p38 (T180/Y182) was not as robust as Erk1/2.
In current study we noted that exogenous sulfatide could incorporate into the cells treated, which was consistent with the previous observation(39). After incorporation, the glycosphingolipids can cluster in the membrane microdomain where they interact with caveolae (40) Interestingly, cerebroside failed to regulate both Sp1 and the integrin αV subunit, which suggested that the sulfation of cerebroside was important in triggering the regulatory signal. However, according to Xianqiong Zou's report, the non-glycosylated C6-ceramide significantly increased GLTP expression by altering the binding affinity of the Sp1 and Sp3 co-effectors to the GLTP promoter(47). This hints that ceramide is also able to send signals to regulate the expression and binding promoter activity of Sp1 although the fatty acid chain in the molecule is short. Glycosylation of ceramide might hinder the signalling of the molecule. The sulfation of cerebroside may relieve such hindrance and trigger the regulatory signalling for Erk activation, Sp1 phosphorylation and integrin αV expression; Moreover, we previously observed that sulfation of a type I or type II sugar chain could also promote the expression of the integrin αV subunit in hepatoma cells (16, 17) , suggesting that the sulfo group in the sulfatide molecule may directly trigger the regulatory signal for integrin αV subunit expression.
In conclusion, the present study demonstrated that sulfatide increased the integrin αV subunit expression level and adhesion to vitronectin in human hepatocellular carcinoma cells, which was associated with Erk signalling and Sp1 regulation.
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